Context: Early life cortisol plays an important role in bone, muscle, and fat mobilization processes, which could influence body composition, affecting anthropometric indicators such as weight and height.
Height and weight are influenced by nutrition, genetics, environment, and the hormonal system (8) . Adequate growth during infancy enables proper physiological and social conditions in adult life (9) . Deficient growth can lead to stunting and low school achievement and cognition (9, 10) ; by contrast, fast growth predicts health problems such as overweight, obesity, and chronic diseases (6, 11, 12 ). Children's growth is monitored with charts, which are clinical tools that include four main indexes based on z scores: weight-for-age z score (Z-WFA), height/lengthfor-age z score (Z-HFA), and weight-for-height/length z score (Z-WFH). Additionally, the body mass indexfor-age z score (Z-BMIFA) index is used for children .2 years of age (13) .
Existing evidence shows that cortisol could influence children's growth. A retrospective study has seen a relationship between higher adult cortisol levels and smaller anthropometric measurements in early childhood (6) . In studies with children, findings are inconsistent. Whereas some studies report cortisol as positively associated with body mass index and weight in healthy 9-year-old children (5, 14) , others have shown a negative correlation with body mass index, weight, and height in children and adolescents, one of them reporting an association with stunting in children (15) (16) (17) (18) . Studies that report no association with anthropometric measures (19, 20) had either a small sample size or children who were 5 years old. To our knowledge, there are insufficient studies on early life cortisol levels and growth. Therefore, the main aim of this study was to explore the association between basal daytime cortisol levels and growth in Mexican children from 12 to 48 months of age.
Methods

Study population
Our study population comes from the Programming Research in Obesity, Growth, Environment and Social Stressors Mexican birth cohort. From 2007 to 2011, we recruited healthy pregnant women at ,20 weeks' gestation from four family clinics at the Mexican Institute of Social Security. The inclusion criteria were being $18 years old, having access to a telephone, planned residence in Mexico City for the following 3 years, no use of steroids, no use of antiepileptic drugs, and not consuming alcohol on a daily basis (21) . Participants had study visits every 6 months during the first 2 years of life and at 48 months of age. The inclusion criteria for this study were to have a cortisol measurement and at least one anthropometric measurement, which was met for 411 children. We excluded a child who was born without an arm and children who had a fever on the saliva collection day or had insufficient saliva samples (n = 6). A total of seven participants were excluded, and 404 children were included in our analysis. Saliva samples were collected at either 12 (n = 253), 18 (n = 100), or 24 (n = 51) months of age. Height and weight measurements were considered from the time of the saliva collection (cortisol measurement) until 48 months of age. 
Saliva collection and basal cortisol determination
At the 12-, 18-, or 24-month study visit, mothers were provided with an in-person explanation of the protocol, a diary, and the collection material, as well as instructions on how to collect samples. A total of eight saliva samples were collected over 2 days (four samples per day, from wakeup to bedtime): the first in the early morning (after the baby woke up and before the first meal) the second between 11:00 and 13:00 hours, the third between 15:00 and 17:00 hours, and the last sample 30 minutes after the last meal and before baby's bedtime. Mothers were asked to register the exact time at which the samples were taken, information about sleeping and use of medicines in case of disease, and the exact hours of awakening, food times, naps, and sleep time. Mothers were asked to collect the samples #7 days apart and on typical days (not particularly stressful days), preferably when the child was not ill, taking medicine, or having an allergic reaction to food or an insect bite (22) .
Saliva was collected on cotton braids, which the mother kept in the child's mouth for 10 to 30 seconds, then drained into Salivette tubes (Sarstedt, Nümbrecht, Germany) with help of needleless syringes. Each sample was labeled with the exact time of collection and then refrigerated until the research team picked them up. Saliva samples were stored at 270°C in our research facility and sent to the laboratory of the Technical University of Dresden, Germany for analysis. Cortisol was calculated by duplicate with a commercial immunoassay technique that uses chemiluminescence, the Cortisol Saliva Luminescence Immunoassay (IBL Hamburg, Germany), with sensitivity of~0.16 ng/mL and an intra-assay and interassay coefficient of variation ,8% (22, 23) .
Individual cortisol sample concentrations 63 SD from the mean were excluded from our analysis. As an approximation of the daytime cortisol production we calculated the area under the curve (AUC), compounding repeated measurements and deriving a single measure via the trapezoidal rule (21, 23, 24) . The AUC was determined by the sum of the three trapezoids formed below the curve. We plotted a cortisol curve for each participant and for each collection day, determined by the four measures in 1 day, and adjusted for the time since awakening. We then averaged the AUCs of the two collection days to increase stability. The slope of the cortisol AUC for each day indicates the velocity of cortisol decline during the day (23) and was calculated by subtracting the fourth and first cortisol measures. The slopes of the two days was also averaged. Any irregular or incomplete pattern was cross-checked with the diary information (22) .
Anthropometry
Child's length at 12 months of age was measured in a supine position with an infantometer. Weight at 12 months was measured with a Health-o-Meter pediatric strain gauge (Healtho-Meter, McCook, IL), making sure that the infant was wearing minimum clothes. For 18, 24, and 48 months of age, weight and height were measured with a Health-o-Meter physician strain gauge (Health-o-Meter) in a standing position. Birth weight was collected from the hospital's birth discharge sheet. The anthropometric measurements were performed by staff using standardized procedures.
We identified three children with inconsistent length or height along the study period, probably because of a measurement error. After plotting them against the World Health Organization (WHO) 2006 charts and identifying discrepant values (e.g., height that decreased over time), we decided to treat these values as missing for the analysis.
Growth indexes
The z score values for Z-WFH, Z-WFA, Z-HFA, and Z-BMIFA, were calculated according to the WHO 2006 growth charts for each participant (13) . For the analyses, growth indexes were used as a continuous variable. Indexes represent the distance of the value with respect to the reference mean; therefore, healthy children should report z scores close to the mean or a z score equal to zero.
Covariates
Based on previous research, the following covariates were considered for the analysis (6, 14, 17, 25): child's sex, gestational age, birth weight, age in months at the time of the visit, and exact age in months at the time of cortisol measurement. Maternal information included height and education (total school years) measured at the second trimester of pregnancy and age at child's birth.
We also explored feeding in the first 6 months of age as a proxy for energy intake and as an important covariate to explain variability in children's growth data (26) (27) (28) . Using breastfeeding information in the first and sixth months, we generated a variable with three categories: exclusively breastfed, exclusively formula-fed, and always mixed feeding and others (e.g., breastfeeding to formula, breastfeeding to mixed, formula to breastfeeding).
Statistical analysis
Participants with and without cortisol measurements were compared based on their sociodemographic characteristics. Comparison of categorical variables was performed via x 2 tests. For continuous variables we assessed normality and used t tests.
We used mixed models to analyze the average growth in children from 12 to 48 months. For each child, models could include up to four measures from the time of the cortisol measurement (12, 18, or 24 months) to 48 months of age. Weight and height/length were analyzed separately as dependent variables (adjusting for each other and covariates), and for our main analyses we used each growth index as a continuous variable adjusted for the covariates (separate models for each index). P , 0.05 was considered significant.
Using scatterplots with Lowess smoothing, we observed nonlinear associations between cortisol AUC and the growth indexes; therefore, quartiles were computed for the AUC. Models were adjusted for the average slope of the cortisol AUCs, also operationalized in quartiles. We tested for interactions between cortisol AUC and slope, cortisol AUC and child's age, and cortisol AUC and child's sex. All analyses were performed in Stata 13.0 (StataCorp LP, College Station, TX).
Results
Overall, the characteristics from the subjects with cortisol measurements did not differ from those with no cortisol measurements ( Table 1) . Just over a half of the children were boys. On average, mothers in our study were 27.23 6 5.40 (mean 6 SD) years old, had a height of 1.55 6 0.05 m, and had finished high school. There was a higher prevalence of exclusive breastfeeding at 6 months of age in our study population than the reported Mexican prevalence (22% vs 14%) (29) . Exclusive breastfeeding decreased 9 percentage points between the first and sixth months; use of formula increased 28 percentage points, and mixed feeding decreased 19 percentage points in the first 6 months of life. Ninety-one children had missing information on feeding. When we adjusted the models for this covariate, the effect estimates were larger; however, cortisol levels for children with feeding information were significantly higher than for those without the information (with feeding information, 6.4 6 2.5 nmol/dL; missing feeding information, 5.7 6 2.4 nmol/dL; P , 0.01). We therefore imputed the missing feeding information and reran the models. The results from the imputed models did not differ from the models excluding the feeding variable. Therefore, we did not include the feeding variable in our final models.
Descriptive statistics of cortisol AUC, z scores, and nutritional status are presented in Table 2 . The range for the cortisol AUC at 12 months was 0.55 to 14 nmol/L, at 18 months it was 0.25 to 11.14 nmol/L, and at 24 months it was 1.12 to 14.09 nmol/L. As expected, we could see a decrease in cortisol concentrations as age increased (30) : average AUC at 12 months showed the highest value, which decreased by 0.77 nmol/L by 18 months of age and then by 0.5 nmol/L at 24 months of age. The cortisol AUC quartiles had a mean 6 SD of first quartile = 3.14 6 1.1 nmol/L, second quartile = 5.48 6 0.46 nmol/L, third quartile = 7.04 6 0.52 nmol/L, and fourth quartile = 9.37 6 1.28 nmol/L. Slope quartiles progressively had means of 21.50 6 0.36, 20.94 6 0.10, 20.61 6 0.09, and 20.19 6 0.20. We did not find statistically significant differences between boys' and girls' AUCs or slopes. The mean z scores at all growth points were within the normal limits (62 SD) (13) .
In separate adjusted mixed linear models for weight and height, we observed that the second, third, and fourth cortisol AUC quartiles were positively associated with weight, compared with the first quartile of cortisol (reference category), showing an average increase across time of 0.56 kg (P , 0.001), 0.17 kg, and 0.12 kg, respectively. Height did not show a significant association with cortisol AUC (Table 3) .
We computed and plotted the marginal effects for the adjusted predictor in the four models for the cortisol AUC quartiles and the different growth indexes (Fig. 1) . A similar nonlinear relationship was found between cortisol AUC and the four growth indexes: an increase in the coefficient from the first to the second AUC quartile, followed by decreases to the third, and less so from the third to the fourth AUC quartile for Z-WFA and Z-BMIFA. Compared with the first cortisol AUC quartile, coefficients for the second cortisol quartile showed a positive association with Z-WFA, Z-WFH, and Z-BMIFA z scores of b (95% CI) 0.38 (0.13, 0.64), P , 0.01; 0.36 (0.10, 0.62), P , 0.01; and 0.43 (0.17, 0.69), P , 0.01, respectively. For the four indexes, the third and fourth quartiles showed a slight similar positive association. No a AUC of cortisol for each study visit: 12 mo, n = 254; 18 mo, n = 100; 24 mo, n = 51. significant results were found for the interactions tested (P . 0.05).
Discussion
Children with either lower (first AUC quartile) or higher (third and fourth quartiles) cortisol levels showed smaller average growth z scores compared with those with moderate cortisol levels. For all growth indicators we saw a clear inverted U-shaped association. The growth indexes constructed from children's weight had a significant association between the second AUC quartile and the first AUC quartile (reference): Z-WFA (0.38, P , 0.01), Z-WFH (0.36, P , 0.01), and Z-BMIFA (0.43, P , 0.01); however, this was not true for height, possibly indicating that cortisol is more closely related to weight. The first and fourth cortisol quartiles were associated with lower growth indexes across time for Z-WFA, Z-WFH, and Z-BMIFA, and the third and the fourth quartiles were associated with lower growth indexes for Z-HFA. Nonetheless, all coefficients were less than 62 SD for the z scores, indicating that the average growth falls within normal values. Follow-up of these children's growth will help us understand the relevance of the shape of the association found in our study. Our results are consistent with the existing literature: a study of 152 healthy children, adolescents, and adults demonstrated a positive association of salivary cortisol levels in childhood with increasing body weight (5). Additionally, Francis et al. (14) reported a positive association between Z-BMIFA and higher cortisol concentration in 43 children between 5 and 9 years old, which was more evident in older children. The sample size for those studies was smaller than ours, and participants were .5 years old. A Brazilian study of 91 infants between 45 days and 36 months of age reported a negative association of weight, height, and body surface area (16) . However, the study had important limitations: the small number of participants and the cortisol measurements (two measurements in one day, morning and afternoon) that might not be as representative of a daytime circadian rhythm. In our results, indicators that include weight for their conformation were closely related to the cortisol levels, and children with lower and higher basal cortisol concentrations showed lower weight gain during early childhood.
Cortisol has an important relationship with physiological bone processes; it participates in bone resorption and interferes in bone formation (3), affecting osteoblast and osteoclast function, promoting demineralization and a decrease in bone mass (31, 32) . This relationship suggests a possible decrease in height or length, as seen in Cushing disease (3) and with glucocorticoid treatment (4). Nyberg et al. (33) reported higher cortisol concentrations and steeper slopes in stunted children 1.6 to 5.9 years of age in comparison with nonstunted children. Fernald and Grantham-McGregor compared 30 stunted and 24 nonstunted children between 8 and 10 years old and found higher salivary cortisol concentrations in the first group (17) . Our findings for Z-HFA and the Z-WFH z score were not statistically significant; however, we saw that the highest cortisol levels (third and fourth quartile) had a negative association with respect to the lowest levels, indicating that cortisol could affect bone mass in children.
Biological cortisol processes are related with a person's weight (1, 34) , and a possible association between body mass and cortisol concentrations has been reported (5, 14) . This association could be due to the use, distribution, and regulation of energy and the regulation of appetite, inhibiting leptin action (1, 14) ; however, hypothalamic-pituitary-adrenal axis function in obesity is still unknown (35) . Kjölhede et al. (36) reported lower cortisol concentrations in overweight and obese children from 6 to 12 years old; however, the authors analyzed daytime cortisol concentrations separately (early morning, late morning, and evening) instead of an estimation of the total daytime cortisol. Another factor that could influence body mass is the proteolytic function of cortisol; this process increases the destruction of the muscle fibrils (4), therefore decreasing muscle mass and affecting body weight. Our findings are consistent with this evidence, but we saw that low or high cortisol concentrations could result in lower weight gain. We measured cortisol only at only one age time point for children; exploring this association with cortisol measures in older children undoubtedly will confirm our results. Differences for weight and z score for Z-WFA at 12 months were statistically significant in our study participants (heavier by 100 g) compared with nonparticipants. Only children with saliva samples were included in this study. We could hypothesize that mothers who collected their child's samples were slightly different from those who did not. We did not see any statistically significant differences between maternal characteristics. However, if mothers did not collect the sample because of, for example, higher daily stress, we could expect their children to have higher cortisol levels, and therefore our results might actually be underestimated.
Saliva samples show advantages in comparison with blood: they can be collected in newborns without causing stress, they are noninvasive, they can be taken by nonspecialized personnel, and only a small biological sample is needed (1, 5, 16, 37) . Furthermore, cortisol has a passive transfusion from plasma to saliva (5), which is https://academic.oup.com/jcemreflected in a high correlation with blood concentrations (38) . Measuring daytime cortisol ideally captures its daily variation. Studies vary in the number of samples taken throughout the day, most ranging from two to five (24) . Our study has the strength of having four samples per day (capturing the daytime cortisol rhythm) over 2 days, increasing precision for the basal cortisol measurement. In our study population, cortisol AUC and slope showed a decreasing tendency from 12 to 24 months of age, a finding that was similar to previously published evidence (30, 39) . To our knowledge there are no reference values for infant and toddler daytime cortisol concentrations, and thus the values reported by our cohort could be used as reference for future research (22) . This is one of the first studies exploring the association between early life daytime cortisol and growth in children from 12 months to 4 years of age. Our results suggest that cortisol levels might be associated with children's growth, specifically with indicators that contain weight for their conformation: Z-WFA, Z-WFH, and Z-BMIFA growth indexes.
